Introduction
It is known that surgical procedures in the upper abdominal area promote changes in pulmonary function and respiratory mechanics, leading to postoperative pulmonary complications (PPCs) 1 . Some of the main changes that lead to PPCs are: (a) decreased diaphragm mobility; (b) depressed central nervous system; (c) changes in the ventilation-perfusion ratio; (d) reduced cough efficacy; (e) increased respiratory rate; and (f) reduced pulmonary volumes and capacities [2] [3] [4] . The most common complications due to these changes are atelectasis, hypoxemia, and pneumonia, which can affect up to 80% of patients submitted to upper abdominal surgery (UAS) 3, [5] [6] [7] , increasing the length of hospital stay and treatment costs and contributing significantly to mortality [8] [9] [10] . Respiratory physical therapy has been widely used to reverse or minimize the development of PPCs 11 . Several techniques are employed, however there is no consensus among researchers on the most efficient technique for the recovery of PPCs and respiratory mechanics in these patients [11] [12] [13] . A systematic review by Overend et al. 14 analyzed the use of incentive inspirometers for PPC prevention and found that only one of the analyzed studies compared three different techniques: incentive inspirometers, deep breathing, and intermittent positive pressure breathing. This review concluded that the techniques were equally effective and that they are more beneficial than the non-prevention of PPCs after abdominal surgery.
Routinely used by physical therapists in clinical practice, breathing exercises involve breathing patterns that can be combined with upper limb and trunk movements, as well as thoracic cage maneuvers. These exercises aim to improve the patient' s breathing pattern and increase lung expansion, respiratory muscle strength, functional residual capacity, and inspiratory reserve volume, thus preventing or treating PPCs 15 . Understanding the effect of these exercises is of fundamental importance to physical therapists as this knowledge will help them to select the best interventions for patients submitted to UAS. Nevertheless, the effectiveness of breathing exercises is rarely investigated. Thus, the objective of the present study was to undertake a systematic review of randomized and quasi-randomized studies that assessed the effects of breathing exercises on the recovery of pulmonary function and prevention of PCCs after UAS.
Method

Inclusion criteria
The present review included randomized controlled trials and quasi-randomized controlled trials with patients assessed before and after UAS. The UAS was defined as a surgery involving an incision above or extending above the umbilicus, therefore including hernia repair, gall bladder removal, large bowel removal, exploratory laparotomy, and other interventions in the abdominal cavity performed by conventional laparotomy or laparoscopy. The patients should have the following characteristics: (a) age above 18 years; (b) non-obese; (c) without heart, pulmonary and/ or neuromuscular disease; (d) who had not been on mechanical ventilation and/or in intensive care for more than 48 hours. The primary intervention of the studies had to be breathing exercises, defined as respiratory strategies, encompassing diaphragm exercise, pursed-lip breathing, changes in body posture to favor ventilation, and active upper and lower limb exercises combined with breathing, applied without the use of incentive inspirometers or other breathing equipment such as CPAP (Continuous Positive Airway Pressure) and BIPAP (Bilevel Positive Airway Pressure). The studies also had to analyze at least one of the following variables: (a) maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP); (b) spirometry (vital capacity=VC, forced vital capacity=FVC, forced expiratory volume=FEV, forced inspiratory volume=FIV, forced expiratory volume in 1 second=FEV 1 , and FEV 1 /FVC ratio); (c) diaphragm mobility; and (d) number of PPCs. There were no language restrictions on the search, and all retrieved studies where translated when possible and necessary. identify randomized studies were combined with a strategy to identify studies on UAS and breathing exercises. This strategy was used in all databases, with adaptations when required. The keywords used for the search included those to identify "breathing exercises", "randomized controlled trials", and "upper abdominal surgery". The full detailed search strategy, with all terms and truncations used, is shown in the Appendix 1. Also, a manual search was performed in the references of the included articles. There were no date restrictions for the searches.
Search strategies to identify studies
Study selection and methodological quality
Two raters analyzed the search results independently to find potentially eligible studies. First, the studies were separated according to title, then the abstracts were analyzed, and only the potentially eligible studies were re-selected. Based on the abstracts, articles in full were acquired for full review and considered for analysis. In case of disagreement between raters, a third rater made a decision concerning the eligibility of the study in question.
The methodological quality of the studies was rated according to the PEDro scale 16, 17 , an 11-item scale designed to rate the methodological quality (internal validity and statistical information) of randomized controlled trials. With the exception of the first item, each item satisfied is worth one point toward the final overall rating (0 to 10 points) 16, 17 . When this rating was not available in the PEDro database website, two raters analyzed the study independently and attributed a rating. Discrepancies between raters were resolved by a third rater.
Data extraction and analysis
Data extraction and analysis were conducted by at least two of the authors. When there was apparent qualitative homogeneity between participants, intervention, assessment moment, and variables, a meta-analysis was conducted. For statistical analysis of homogeneity among studies, we used the value of I 2 , as suggested by Higgins et al. 18 . Whenever possible, the mean and standard deviation were extracted from each study and converted into weighted mean differences (treatment effect) and 95% confidence intervals (95%CI). Meta-analyses (of continuous outcomes) were performed with a fixed effect model to pool findings across studies as most I 2 values were under 25%. Meta-analyses were conducted using the software MIX (Metaanalysis Made Easy) 19 .
Results
A total of 1486 articles were identified in the search (Figure 1 ), 50 of which were selected according to title and had their respective abstracts reviewed. Based on the abstracts, 22 articles were eligible for a full review, and a total of six articles [20] [21] [22] [23] [24] [25] that fulfilled all of the inclusion criteria were selected ( Table 1) .
The PEDro scale was used to rate the quality of the included studies. The PEDro scale has 11 items that are used to assess the methodological internal validity of the studies. It converts the quality of the study into a final score that can vary from 0 to 10, 0 being the worst possible score and 10 being the best possible score. The first item of the scale is not considered for the With heart, pulmonary and/or neuromuscular disease;
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• 20 Manzano et al. 21 Roukema et al. 22 Ribeiro et al. 23 Gastaldi et al. 24 Forgiarini Junior et al. final score as it relates to external validity. Of the six included studies, one had a final PEDro score of 1, one had a final score of 3, two had a final score of 5, one had a final score of 6, and one had a final score of 7 ( Table 2) . The overall quality of the included studies was low, with the exception of the studies by Forgiarini et al. 25 (score 7) and Gastaldi et al. 24 (score 6; Table 2 ). Among the included studies, the one by Hallböök et al. 20 divided the participants into three intervention groups: mobilization, thoracic physical therapy, and thoracic physical therapy plus bronchodilator. For the analysis of the results, we considered the mobilization group as the control group and the thoracic physical therapy group as the treatment group. Also, in the study by Forgiarini Junior et al. 25 , the participants were divided into two groups: patients submitted to physical therapy in the postoperative recovery room and, subsequently, in the hospital room; and patients first submitted to physical therapy in the hospital room. For the analyses at 1PO, we considered the group that received physical therapy only in the hospital room as the control group. However, we also analyzed the data without including the study by Forgiarini Junior et al. 25 as it did not specify how much physical therapy (if any) the control group received prior to the assessment at day 1 PO. For all other included studies there was a clear intervention group and a control group ( Table 1) . As expected, the studies did not report data on all the variables considered in the present study. Among the variables considered for analysis, diaphragm mobility was the only variable not assessed by any of the studies.
Respiratory muscle strength
Three studies presented data showing that breathing exercises have a positive effect on respiratory muscle strength. Ribeiro, Gastaldi and Fernandes 23 and Gastaldi et al. 24 assessed the MEP and MIP (mmH 2 O) on day 1 postoperative (PO), and the meta-analysis of these two studies (Figure 2A and 2C 25 also assessed the MEP and MIP (mmH 2 O) on day 1 PO, however in their study, the treatment group started the treatment in the recovery room and the control group in the hospital room. Because it was unclear whether the control group received any treatment prior to the assessment at day 1 PO, we decided to present a subsequent meta-analysis that includes data from the study by Forgiarini Junior et al. 25 ( Figure 2B and 2D) . The meta-analysis with these three studies [23] [24] [25] showed a treatment effect (95%CI) of 12.8 mmH 2 O (7.47 to 18.2) for MEP ( Figure 2B ) and 5.6 mmH 2 O (0.61 to 10.51) for MIP ( Figure 2D ).
Although Ribeiro, Gastaldi and Fernandes 23 reported that there were no differences between the groups in their ANOVA analysis, when we applied their data to the meta-analysis procedures adopted in this study, we found a positive treatment effect for MIP favoring breathing exercises (treatment effect of 17.70 mmH 2 24 assessed pressures up to day 6 PO, however they presented only the means for the pressures of the groups for each day without the standard deviations. Data from Forgiarini Junior et al. 25 were again only included in a post-hoc analysis for day 1 PO, and the meta-analysis including this study found treatment effect (95%CI) of 0.2L (-0.08 to 0.48). The study by Manzano et al. 21 assessed day 2 PO, however the results were expressed in percentage (%). This study found a treatment effect (95%CI) of 16.30% (0.60 to 32.00), showing a positive effect. (A) meta-analysis for maximal expiratory pressure; (B) meta-analysis for maximal expiratory pressure including data from forgiarini junior et al. 25 .; (C) meta-analysis for maximal inspiratory pressure; (D) meta-analysis for maximal inspiratory pressure including data from forgiarini junior et al. 25 . N=sample size; m=mean; sd=standard deviation; ci=confidence interval; cg=control group; tg=treated group.
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Three studies assessed VC 20, 22, 24 , but only Gastaldi et al. 24 described and analyzed the data. Thus, a meta-analysis could not be conducted. The study by Gastaldi et al. 24 assessed VC in liters from day 1 to day 6 PO, and the treatment effect (95%CI) for breathing exercises was 0.10 L (-0.50 to 0.30) on day 1 PO, 0.10 L (-0.30 to 0.50) on day 2 PO, 0.20 L (-0.30 to 0.70) on day 3 PO, and 0.30 L (-0.20 to 0.80) on days 4, 5, and 6 PO. In these cases, there was no positive effect of breathing exercises.
FIV and the FEV were only assessed by one study 20 , with no significant difference between groups, and the data were not presented in the respective study. All studies compared FEV 1 (liter) between treatment and control groups, however only two studies 23, 24 could be compared because of the time of assessment. Three meta-analyses were conducted based on the data obtained, with no significant difference. The treatment effect (95%CI) for breathing exercises was 0.01L (-0.26 to 0.28) on day 1 PO, 0.1 L (-0.25 to 0.45) on day 3 PO, and 0.13 L (-0.16 to 0.43) on day 5 PO. Data from Forgiarini Junior et al. 25 were again subsequently added to the meta-analysis on day 1 PO, and the results showed a treatment effect (95%CI) of 0.1 L (-0.16 to 0.28). One of the studies 24 also assessed days 2, 4, and 6 PO with the following results: 0.00 L (-0.50 to 0.50), 0.10 L (-0.40 to 0.60), and 0.20 L (-0.30 to 0.70), respectively, showing that there was no benefit from breathing exercises in these cases. Unlike previous studies that assessed FEV 1 in liters, Manzano et al. 21 presented the results of the assessment conducted on day 2 PO in percentages and could not be compared to the other studies for a more detailed analysis. The remaining studies 20, 22 did not describe their findings.
The FEV 1 /FVC ratio (%) was verified in three studies 21, 23, 24 and four meta-analyses were conducted with the data from these studies, however none of the meta-analyses found a positive treatment effect for breathing exercises. Two studies 21, 24 assessed days 1, 3, and 5 PO and found the following treatment effects (95%CI): 0.43% (-3.41 to 4.26), -1.69% (-6.33 to 2.93), and 2.78% (-1.09 to 6.67), respectively. Two studies 23, 24 analyzed day 2 PO and obtained a treatment effect (95%CI) of -3.4% (-8.67 to 1.87).
Postoperative pulmonary complications
Two studies 20, 21 compared the length of hospital stay of the treatment group and the control group, however none of them found a significant difference between groups. One of the studies 20 obtained a treatment effect (95%CI) of 1.20 days (-0.10 to 2.50). The other study did not present the findings.
Two articles 20, 22 compared the findings for chest X-rays, however there was no inferential analysis for any of the studies. The first 20 did not mention the data and values for the findings, and the second 22 mentioned the number of patients that developed changes and specified them, but did not provide sufficient data to allow a statistical analysis.
The studies that assessed temperature 20, 22 did not describe the data. In the study by Hallböök et al. 20 , only one patient from the treatment group had an increase in body temperature. Overall, the data provided were insufficient for statistical comparison.
The development of PPCs was observed by two studies 20, 21 . However, the incidence of breathing complications did not differ between the groups.
Discussion
Patients submitted to UAS usually develop a restrictive lung pattern, with changes to pulmonary mechanics in the first days PO 4, 26 . This can cause a reduction in inspiratory capacity, total inspiratory time, and ventilation at the lung bases, leading to a high risk of developing PPCs 4, 27 . For adequate pulmonary ventilation to occur, it is fundamental that the forces that act on the respiratory system favor the thoracic and abdominal movements, especially the respiratory muscle strength that is compromised after UAS.
The present review found a significant improvement for maximal respiratory pressures in patients who performed breathing exercises. Interestingly, these findings are related to breathing exercises without resistance commonly used in muscle training, therefore the increase in respiratory pressures may be related to the characteristics of the exercises. In the studies that found improved MIP and MEP in the groups that performed breathing exercises, the programs consisted of diaphragm breathing, sustained maximal inspiration, and fractional inspiration aimed at increasing diaphragm mobility, improving respiratory muscle synergism, and maintaining muscle trophism by using the diaphragm and reducing the action of accessory muscles [28] [29] [30] . It is routine in many hospitals to administer respiratory exercises to patients submitted to abdominal surgery despite the lack of studies showing the benefits of respiratory exercises in these conditions. The findings of the present systematic review corroborate the use of respiratory exercises in these patients in order to improve their respiratory muscle strength. There is indication that the breathing exercises could have an effect on the quality of the hospital stay and recovery of these patients.
Among the analyzed variables in the pulmonary function test, FVC is the most important to diagnose respiratory disorders. Pulmonary function tests can also be used to indirectly verify diaphragm activity because good results in pulmonary function tests indicate effective pulmonary mechanics, which requires the use of the diaphragm muscle to its full capacity 31 . In the study by Manzano et al. 21 that found a positive effect of breathing exercises on FVC, the treatment group was submitted to a protocol of localized breathing exercises combined with manual pressure applied by the physical therapist to the patient's thoracic cage during expiration, deep diaphragm breathing, and thoracic cage expansion exercises such as fractional inspiration. The aims of the exercises were to increase flow volume, decrease the respiratory rate, and consequently promote lung expansion [28] [29] [30] . It seems that these breathing exercises were able to improve pulmonary mechanics and lead to a beneficial effect on FVC, however that was the only study that found such a positive result. Further high-quality studies should be conducted before a final conclusion can be drawn.
The fact that the other analyzed variables did not show significant improvement as a result of breathing exercises may be related to the methodological quality of the studies. According to the rating, articles with scores between 10 and 5 are considered good, 5 and 4 are intermediate, and below 4 are poor. In the present review, only one article was rated as good, 2 as intermediate, and 2 as poor.
Besides the methodological quality of the studies, the concept of breathing exercise may also have been a limitation of the present review. Breathing exercises, recently described as respiratory strategies, encompass diaphragm exercise, pursed-lip breathing, changes in body posture to favor ventilation, and active upper and lower limb exercises combined with breathing 32 . The lack of standardization of the types of exercises, number of series, repetitions, intervals, frequency, and times may have influenced the outcome of the studies.
In the literature, there are instruments that can assess the risk of developing pulmonary complications after general surgery 33 and after UAS 7 , however there is no consensus on how to classify these complications or how to measure them. The diagnosis of PPCs is based on the analysis and establishment of certain parameters related to clinical, laboratory, and imaging tests. Nevertheless, the majority of these parameters are subjective and prone to interpretation error, and often they have not been predetermined or well-defined in the studies.
Based on the present review, three studies [23] [24] [25] of good and moderate quality (scores 5 to 7) showed that breathing exercises are likely to have a beneficial effect on MIP and MEP of patients in the post-UAS phase. However the lack of well-designed studies may have hindered a more complete analysis of the effects of breathing exercise on these patients. Special emphasis must be given to the establishment of assessment, classification, and treatment programs that are specific, reliable, and methodologically adequate so that future studies can be well analyzed and compared. The accomplishment of this task would help to confirm the findings on MIP, MEP, and perhaps pulmonary function of the present study. It would also better clarify when and how breathing exercises should be used to prevent and/or treat PPCs in patients submitted to UAS.
